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beenreportedintheauthors'previouspaper(14).The
m asuredvalueofthestaticthrustcoefficientwasO.55
foraninletpressureofO.3MPaandsubcoolingof
14.4K.Theestimat dthrustcoefficientsfromEq.(13)
areplottedagainsttherotationalspeedwiththeinlet
subcoolingastheparameterinFig.7.Itcanbeseen
thattheestimatedthrustcoefficients(N=100to250
rpm)arelowerthanthemeasuredstaticthrust
coefficient(N=Orpm)foraninletsubcoolingof14K.
Thisphenomenoncanbeexplainedasfollows:As
rotationalspeedincreases,dropletsaredepositedon
theinnerwallofthenozzleduetocentrifugalforce,
andthekineticenergyofthedropletsdecreases.Thus,
theresultsoftheestimatedthrustcoefficientappears
tobereasonable.Theestimatedthrustcoefficient
increasesforinletsubcoolingsof25Kand31K,as
expectedinsection4.1.2.Itcanbeseenthatasthe
rotationalspeedincreases,theestimatedthrust
coefficientdecreases,asinFig.7.Toachieveahighly
efficientHero'sturbine,Itisimportanttodevelopa
nozzlewhichshowshigherthrustcoe伍cientathigher
rotationalspeeds.
4.1.4Efficiencyanddimensionlessrotational
speedThemeasurede伍ciencyisplottedagainst
thedimensionlessrotationalspeedS2asthesymbols
andcalculatede伍ciencyfromEq.(7)usingβ=30.1
degreesasabrokenlineinFig.8**3.Ascanbeseen
fromthisfigure,themeasuredturbineefficiency
agreeswiththecalculatedturbineefficiencyusingthe
estimatedthmstcoe伍cientinFig.8.Thisindicates
thattheresultsofboththeefficiencyandthrust
coefficient,calculatedfromEqs.(13)and(7),are
consistentwiththemeasuredresults.Therefore,we
canpredictturbinee伍ciencyfromEq.(7),ifvalues
ofthenozzlethrustcoefficientduringrotationare
known.
4.2Lossanalysis
Lossesarenormalizedbytheenergyofthehot
waterattheinletEI。.ThereSultSareplottedagainSt
thedimensionlessrotationalspeedwiththeinletsub-
coolingastheparameterinFig.9,inthesubcooling
rangeof3,8andllK.Itcanbeseenthatthepassage
lossratioLeh/E,.exitlossratioLQ/E,.andpower
outputratioEbut/E且nareO.82toO.91,0.16toO.11,and
O.015toO.04,respectively.Thislossanalysisindicates
thatthepassageloss,relatedtothenozzleefficiency,
isdominant.Thisisattributabletothefactthatthe
nozzleswerenotoptimizedforthebackpressureand
rotationalspeed.Itisfoundthatdesigningahigher
帥3Measureddataforinletsubcoolingsof25and35K
areexcludedinFig.8,becauseitappearsthatflash-
ingdidnotoccurinthenozzlesasdescribedinsec-
tion4.1.2.
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sionlessrotationalspeed
thrustcoefficientnozzletakingintoaccountback
pressureandrotationalspeedisimportantforachiev-
ingahighlyefficientturbine.
5.Conclusions
PerformancecharacteristicsofHero'sturbineare
clarified,experimentallyandanalytically,forflashing
expansionofinitiallysubcooledhotwater.
(a)Thereisanoptimumrotationalspeedat
whichmaximumturbineefficiencycanbeobtained.
(b)Hero'sturbineefficiencycanbeexpressedby
analgebraicEq.(7).
(c)Nozzlelossamountstoalmost90%ofthe
totalturbineloss.
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